Objective: To analyze longitudinal trends in the incidence, etiology, and treatment of hepatocellular carcinoma (HCC) in community residents in Olmsted County, Minnesota, and their survival. Patients and Methods: Olmsted County residents 20 years or older with HCC newly diagnosed from January 1, 1976, through December 31, 2008, were identified using a community-wide medical record linkage system (Rochester Epidemiology Project). The incidence rate of HCC was calculated by age and sex according to the 2000 US Census population. Temporal trends of HCC etiology, treatment, and patient survival were assessed. Results: The age-and sex-adjusted incidence rate for HCC in Olmsted County was 3.5 per 100,000 person-years for the first era (1976)(1977)(1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)), 3.8 per 100,000 for the second era (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000), and 6.9 per 100,000 for the third era (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008). Alcohol use was the most common risk factor in the first and second eras and chronic hepatitis C virus in the third. The proportion attributed to nonalcoholic fatty liver disease was small (5/47 [10.6%] in the third era). Because the proportion of patients receiving curative treatment increased over time, survival also improved, with a median survival time of 3, 6, and 9 months in the first, second, and third eras, respectively (Pϭ.01). Conclusion: In this midwestern US community, the incidence of HCC has increased, primarily due to hepatitis C virus. Although there was a demonstrable improvement in the outcome of HCC in community residents over time, the overall prognosis remains poor.
H epatocellular carcinoma (HCC) remains the third leading cause of cancer-related death in the world, with 748,000 estimated deaths in 2008. 1 The incidence of HCC in the United States is estimated to have nearly tripled during the past 3 decades, from 1.6 to 4.6 cases per 100,000 personyears. 2 The increasing incidence of HCC is also reflected in the increasing rates of mortality and hospital use for HCC in the United States. 3 Although the increasing burden of HCC is well established, detailed population-based data on HCC in the United States are sparse.
Worldwide, hepatitis B virus (HBV) and hepatitis C virus (HCV) are the 2 most common causes of HCC, accounting for 78% of cases. 4 In developing countries, HBV is the most common cause of HCC, whereas HCV is more common in developed countries. 5 In the United States, the number of individuals at risk for HCC from viral hepatitis is believed to have increased as a result of lengthening duration of infection of HCV-infected Americans and increasing number of immigrants with chronic HBV infection. 6 More recently, the increasing prevalence of obesity has raised concerns that nonalcoholic fatty liver disease (NAFLD), including nonalcoholic steatohepatitis, has also become an important risk factor for HCC. 7 However, the extent to which NAFLD has contributed to the epidemic of HCC is uncertain. 8 Besides the increasing trends in HCC incidence, little is known about the long-term outcomes of HCC in the United States. In the past 2 decades, substantial improvement has been made in the diagnosis and management of HCC. A number of interventions, such as liver transplant, have been shown to improve survival if applied in early stages of HCC. 9 Furthermore, modalities such as transarterial chemoembolization and molecular-targeted treatment have been shown to prolong survival in patients with intermediate-and advanced-stage HCC. 10, 11 It is unclear, however, whether these new modalities have had any effect on HCC outcomes at the population level. To address these questions, we conducted a study to describe trends in the incidence rates, risk factors, treatment, and survival in HCC patients residing in Olmsted County, Minnesota.
PATIENTS AND METHODS
All patients older than 20 years with newly diagnosed HCC who resided in Olmsted County, Minnesota, from January 1, 1976, through December 31, 2008, were identified using the Rochester Epidemiology Project database. 12 The database uses the To verify the HCC diagnosis, all available pathology slides were reviewed by a single pathologist (S.O.S.). In patients in whom HCC was diagnosed without a biopsy, a single radiologist (B.K.) reviewed the radiographic images to verify the diagnosis according to the guidelines from the American Association for the Study of Liver Disease. 13 In addition, a small number of patients who had lesions with the characteristic angiographic pattern and received transarterial chemoembolization (2/ 104 [1.9%]) and comfort care (2/104 [1.9%]) were included in this study after independent review of medical records from experienced hepatologists (L.R.R., W.R.K.). This study was approved by the institutional review boards of Mayo Clinic and Olmsted Medical Center.
Data Collection
Relevant clinical information was abstracted from medical records. These data included the etiology of underlying liver disease, comorbidities, laboratory results, characteristics and extent of the tumor, treatment, survival, follow-up status, and, if applicable, cause of death.
Infection with HBV was defined by positive hepatitis surface antigen and HCV infection by detectable HCV RNA or anti-HCV. Alcohol use was considered a cause of HCC when the patient had a documented history of alcoholic liver disease, alcohol abuse, or dependence. 14, 15 Nonalcoholic fatty liver disease was considered a cause of HCC when the patient had a documented history of NAFLD or had radiographic or histologic evidence of fatty infiltration in the absence of significant alcohol history at HCC diagnosis or at any time before HCC diagnosis. 8 Cirrhosis was defined by histologic analysis, evidence of portal hypertension, morphologic characteristics consistent with cirrhosis in cross-sectional images, and/or thrombocytopenia (platelet count, Ͻ150 ϫ 10 9 L [to convert to ϫ10 3 /L, multiply by 1). 16 Tumor characteristics were recorded on the basis of cross-sectional images obtained at the time of HCC diagnosis.
Vital status of study participants was assessed as of December 31, 2009. The cause of death was divided into 3 categories. Progressive HCC was designated in patients in whom increasing tumor burden with or without liver dysfunction was directly linked to death. Liver failure with controlled HCC represents circumstances in which HCC was under control by curative or locoregional treatment but the patient died of progressive liver dysfunction. Nonliver-related death was designated if the tumor and liver function were stable but the patient died of other causes.
Statistical Analyses
The R (http://www.r-project.org/) and SAS (SAS Institute Inc, Cary, NC) statistical software packages were used for statistical analyses. We divided the whole cohort into 3 groups based on the time of HCC diagnosis. The first group includes patients with HCC whose diagnoses were made in 1990 or earlier when HCV testing was not available. We divided the rest of the cohort into 2 groups (diagnosis made before or after 2000) for the statistical test for trends. The linear regression analysis (variable ranks as the outcome and era as the predictor) was used to assess the trend of continuous variables, and the Cochran-Armitage trend test was used for comparison of proportions.
In calculating incidence rates in the community, the entire population of Olmsted County (age Ն20 years) was considered to be at risk. Age-specific person-years were estimated from these decennial census data with linear interpolation between census years. With the assumption that incident cases follow a Poisson distribution, 95% confidence intervals (CIs) for incidence rate and age-specific incidence rate ratios were calculated. Standardized incidence rates were calculated by adjusting the incidence rates to the population structure of the United States in 2000. Sensitivity analyses were performed to examine the effect of using different definitions of HCC on estimates of HCC incidence.
Patient survival was assessed from the time of HCC diagnosis to the last known follow-up or death. For patients who have not died or were lost to follow-up, the observation was censored on the day of last follow-up or the date of study closure. Survival probabilities were estimated using the Kaplan-Meier method and compared by the log rank test.
RESULTS

Patient Characteristics
Initially, 239 patients with a diagnosis of HCC were identified in the Rochester Epidemiology Project database. On review of the records, 34 patients Table 1 summarizes the characteristics of patients in this study at the time of diagnosis. The mean age of our patients was 65.5 years, and two-thirds were male. Although the predominant race was white, the proportion of white patients decreased over time (Pϭ.04). The proportion of patients who had cirrhosis at the time of HCC diagnosis increased over time. There was a reciprocal decrease in the proportion of patients in whom histologic analysis was used for diagnosis. Mean body mass index increased over time (Pϭ.02), and there was a trend toward increasing prevalence of hypertension (Pϭ.14).
Incidence Rates of HCC
In the first era (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , the age-adjusted incidence rate of HCC was 3.5 (95% CI, 2.2-4.8) per 100,000 person-years overall, 5.6 (95% CI, 3.0-8.3) per 100,000 person-years for men, and 2.0 (95% CI, 0.8-3.3) per 100,000 person-years for women. In the second era (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , the age-adjusted incidence rates of HCC were similar to the first era, with 3.8 (95% CI, 2.4-5.2), 6.0 (95% CI, 3.3-8.7), and 1.9 (95% CI, 0.6-3.3) per 100,000 person-years for overall, men, and women, respectively. In the third era (2001-2008), the age-adjusted incidence rates doubled to 6.9 (95% CI, 4.9-8.8) per 100,000 person-years overall, 10.9 (95% CI, 7.1-14.8) per 100,000 person-years for men, and 3.8 (95% CI, 1.9-5.8) per 100,000 person-years for women. Table 2 gives the age-specific incidence rates of HCC in Olmsted County, which are formally compared by means of incidence rate ratios. For age groups between 20 and 49 years and between 60 and 69 years, the incidence of HCC was stable over time. The increase in HCC was most pronounced in the 50-to 59-year group, in which the incidence increased 3.3-fold in the third era compared with previous eras. A similar increase was seen in the oldest age group, in which the incidence of HCC increased 3.0-fold in the most recent era.
We performed sensitivity analyses using different definitions of HCC. First, when the analysis was restricted to histologically proven HCCs, the ageand sex-adjusted incidence rates were 3.4 (95% CI, 2.1-4.7), 2.8 (95% CI, 1.6-4.0), and 4.0 (95% CI, 2.5-5.5) per 100,000 person-years in the first, second, and third eras, respectively (Pϭ.28). Second, when the 4 patients who did not strictly meet the American Association for the Study of Liver Disease criteria were excluded, incidence rates and the trend remained virtually unchanged: the incidence was 3.5 (95% CI, 2.2-4.8) per 100,000 person-years in the first era, 3.5 (95% CI, 2.2-4.9) per 100,000 person-years in the second, and 6.6 (95% CI, 4.7-8.5) per 100,000 person-years in the latest (Pϭ.001). Etiology of HCC Figure 1 shows the temporal changes in the underlying etiology of HCC. In the first era (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , alcohol use was the most common cause of HCC. Given the noticeable increase in the proportion of patients with HCV, we further investigated the effect of HCV in different age groups (Supplemental Table 1 , available online at http://www. mayoclinicproceedings.org). The increase in the proportion of HCV affected the 50-to 59-year-old group the most; 7 (87.5%) of 8 had HCV in the most recent period. In addition, coexisting alcoholic liver disease was common in HCV patients who developed HCC at age younger than 60 years: 6 (75.0%) of 8 HCV patients younger than 60 years had coexisting alcoholic liver disease, whereas only 1 (6.3%) of 16 patients aged 60 years or older did (PϽ.01).
In the first 2 eras, 11 (37.9%) of 29 and 13 (46.4%) of 28 patients were classified as having HCC of an "other" etiology, most of whom (23/ Clinical Management and Outcome of HCC There was a trend for the diagnosis to be made at an earlier stage (eg, fewer lesions and smaller size) and in patients with better liver function in the more recent era (Table 3) . Subsequently, 14 (29.8%) of 47 patients received potentially curative surgical treatment, including resection and liver transplant in the most recent era. Figure 2 shows the survival probability after the HCC diagnosis for the 3 eras. The median survival was 3, 6, and 9 months in the first, second, and third eras, respectively. One-year survival rates were 28%, 43%, and 44%, and 5-year survival rates were 3%, 18%, and 15% in the 3 eras, respectively. Although the overall survival improved significantly over time (Pϭ.01), prognosis was still poor.
Of 104 patients, 90 (86.5%) had died as of December 31, 2009. With regard to the cause of death, most patients died of progressive HCC: 24 (85.7%) of 28 in the first era, 18 (72.0%) of 25 in the second era, and 21 (56.8%) of 37 in the third era. Conversely, the proportion of patients who died of liver failure while their HCC was under control increased from 3.6% (1/28) to 12.0% (3/25) to 18.9% (7/37) in the first, second, and third eras, respectively. In addition, in the most recent era, 9 (24.3%) of 37 HCC patients died of causes not related to HCC or liver disease (Supplemental Table 2 , available online at http:// www.mayoclinicproceedings.org). Creatinine ( States. 2, 17, 18 In a recent study based on the Surveillance, Epidemiology and End Results (SEER) data set, the incidence rate of HCC was estimated to have increased from 1.6 per 100,000 person-years in 1975 to 5.1 per 100,000 person-years in 2005. 2 This increasing trend was replicated in our study, in which the HCC incidence increased 2-fold from 3.5 per 100,000 person-years before 2000 to 6.9 per 100,000 person-years between 2001 and 2008. These results from this midwestern, semirural community illustrate that the epidemiologic trends that underlie the increase in HCC incidence are pervasively affecting the United States. They also lend support for the generalizability and validity of our data in relation to the United States in general.
DISCUSSION
Several studies to date have shown that the incidence of HCC has increased in the United
The incidence rate of HCC in Olmsted County documented in this study (6. 19 A large part of this difference stems from the fact that the study by O'Connor et al 19 included only histologically diagnosed HCCs, whereas our study followed the current guidelines, which allow radiographic data to be used to make the diagnosis. 13 When only HCCs determined by histologic diagnosis were included in the analysis, the incidence in Olmsted County at 4.0 (95% CI, 2.5-5.5) per 100,000 person-years was much closer to yet still higher than the National Program of Cancer Registries and SEER report. These findings highlight the important point that, unlike those for most other malignant neoplasms, epidemiologic data for HCC that are only based on histologically diagnosed cases underestimate the true burden of the disease. The extent of this underestimation is uncertain. In a recent European, population-based study for 1996-2005, only 41% of the HCCs were histologically confirmed, 20 whereas in our data, the frequency of histologic diagnosis was 56.8% in the most recent era and decreasing over time. Thus, our data suggest that the true incidence and burden of HCC in the United States may be even larger than previously thought.
Although the increase in the incidence of HCC has been widely recognized, few conclusive data are available to explain what underlies this important epidemiologic trend. Our data clearly show that in this community, the main driver for the recent increase in the HCC incidence was HCV. A number of previous analyses have suggested that HCV has played an important role in the HCC trend. However, our results supplement this finding because those data were based on population subgroups, including Medicare recipients (biased toward an older population), 21 veterans (biased toward a population with a higher risk of HCV), 22, 23 and tertiary care hospital patients (biased toward a population with better access to health care). 22, 23 Furthermore, our age-stratified analysis of HCV etiology showed that HCV accounts for most HCC cases that occur in patients younger than 60 years, especially in those with concomitant alcoholic liver disease. Currently, NAFLD is considered a major risk factor for HCC in developed countries, including the United States. 7, 8, 24 However, population-based studies are still scarce regarding the contribution of NAFLD to HCC trends. In our data, obtained from a region where the prevalence of obesity is high, the proportion of NAFLD-associated HCC was only 10.6% in the most recent era. This proportion (10.6%) is similar to recent data from a US referral center (460 patients diagnosed as having HCC in 2007-2009), where 13% of HCC cases were attributed to NAFLD. 25 It is encouraging to see that an increasing proportion of patients had their HCC diagnosed at an early stage, allowing application of potentially curative treatment modalities. As a result, improvement in survival was demonstrable. Although some of this increase in survival is attributable to lead-time bias, we believe that there was true improvement in survival because in the more recent era more patients underwent liver resection or transplant, whereas fewer patients died of cancer- No. at risk Our study has several limitations. First, the data from Olmsted County may not be completely generalizable to the entire United States in terms of racial/ethnic distribution, disease patterns, and access to care. For example, in this semirural community in which the white race is overrepresented, the prevalence of HCV is lower than in the rest of the United States. 28 Thus, compared with the United States as a whole, the HCC incidence, as well as the complications of HCV infection, would be expected to be lower in Olmsted County. However, as previously stated, our incidence estimate for HCC was higher than that from the national data, again suggesting that the nationwide burden of HCC in the United States has been underestimated. Second, our study is based on a relatively small number of cases, which is a function of the size of the local population. However, we cannot overemphasize the unique strength of the Rochester Epidemiology Project database, which allows complete identification of all HCC patients and the denominator population, both of which are needed for valid calculation of the incidence. Third, because the data were collected retrospectively, some of the exposure history could not be completely ascertained. For example, quantitative assessment of alcohol drinking would have strengthened our assessment of patients with alcoholic liver disease. Commonly, however, physicians made the diagnosis of alcoholic liver disease without a detailed documentation of lifetime alcohol use pattern. Finally, one might argue that our local patients had better access to state-of-the-art care for HCC, given the proximity to Mayo Clinic. That may have been the case for a few patients whose HCC was diagnosed early enough to be candidates for potentially curative treatment. Ultimately, however, our survival figures are comparable to other populationbased data. 2 
CONCLUSION
In this community-based study, the incidence of HCC in Olmsted County increased significantly over time, mirroring the national statistics. Even in this midwestern community, HCV infection was the most important driver of the increase in HCC incidence, although alcohol use remained an important cause. An encouraging trend was seen over time, namely, detection of HCC at earlier stages and improvement in survival; however, the overall outcome remains poor.
